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ENDOSCOPIC MULTIPLE SAMPLE BIOPTOME 
TECHNICAL FIELD 

1. Field of the Invention 

This invention relates to endoscopic surgical 
5 instruments. More particularly, this invention relates to 
an instrument for taking multiple biopsy tissue samples. 

2. State of the Art 

Endoscopic biopsy procedures are typically performed 
with an endoscope and an endoscopic biopsy forceps device 

10 (bioptome) . The endoscope is a long flexible tube carrying 
fiber optics and having a narrow lumen through which the 
bioptome is inserted. The bioptome typically includes a 
long flexible coil having a pair of opposed jaws at the 
distal end and manual actuation means at the proximal end. 

15 Manipulation of the actuation means opens and closes the 
jaws. During a biopsy tissue sampling operation, the 
surgeon guides the endoscope to the biopsy site while 
viewing the biopsy site through the fiber optics of the 
endoscope. The bioptome is inserted through the narrow 

20 lumen of the endoscope until the opposed jaws arrive at the 
biopsy site. While viewing the biopsy site through the 
fiber optics of the endoscope, the surgeon positions the 
jaws around a tissue to be sampled and manipulates the 
actuation means so that the jaws close around the tissue. A 

25 sample of the tissue is then cut and/or torn away from the 
biopsy site while it is trapped between the jaws of the 
bioptome. Keeping the jaws closed, the surgeon withdraws 
the bioptome from the endoscope and then opens the jaws to 
collect the biopsy tissue sample. 

30 A biopsy tissue sampling procedure often requires the 

taking of several tissue samples either from the same or 
from different biopsy sites. Unfortunately, most bioptomes 
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are limited to taking a single tissue sample, after which 
the device must be withdrawn from the endoscope and the 
tissue collected before the device can be used again to take 
a second tissue sample. The single-sample limitation of 
5 most bioptomes is due to the limited space between the 
biopsy forceps jaws. Several attempts have been made to 
provide an instrument which will allow the taking of several 
tissue samples before the instrument must be withdrawn and 
the samples collected* Problems in providing such an 

10 instrument include the extremely small size required by the 
narrow lumen of the endoscope and the fact that the 
instrument must be flexible in order to be inserted through 
the lumen of the endoscope. Thus, several known multiple 
sample biopsy instruments are precluded from use with an 

15 endoscope because of their size and rigidity. These include 
the "punch and suction type" instruments which are disclosed 
in the prior art. Such devices have a hollow tube with a 
punch at the distal end and a vacuum source coupled to the 
proximal end. A tissue sample is cut with the punch and 

20 suctioned away from the biopsy site through the hollow tube. 
It is generally recognized, however, that suctioning tissue 
samples through a long narrow flexible bioptome is virtually 
impossible. 

Efforts have been made to provide a multiple sampling 
25 ability to an instrument which must traverse the narrow 

lumen of an endoscope. These efforts have concentrated on 
providing a cylindrical storage space at the distal end of 
the instrument wherein several tissue samples can be 
accumulated before the instrument is withdrawn from the 
30 endoscope. U.S. Patent No. 4,651,753 to Lifton, for 

example, discloses a rigid cylindrical member attached to 
the distal end of a first flexible tube. The cylindrical 
member has a lateral opening and a concentric cylindrical 
knife blade is slidably mounted within the cylindrical 
35 m emb er. A second flexible tube, concentric to the first 
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tube is coupled to the knife blade for moving the knife 
blade relative to the lateral opening in the cylindrical 
member. A third flexible tube having a plunger tip is 
mounted within the second flexible tube and a vacuum source 
5 (a syringe) is coupled to the proximal end of the third 
tube. A tissue sample is taken by bringing the lateral 
opening of the cylindrical member upon the biopsy site, 
applying vacuum with the syringe to draw tissue into the 
lateral opening, and pushing the second flexible tube 

10 forward to move the knife blade across the lateral opening. 
A tissue sample is thereby cut and trapped inside the 
cylindrical knife within the cylindrical member. The third 
flexible tube is then pushed forward moving its plunger end 
against the tissue sample and pushing it forward into a 

15 cylindrical storage space at the distal end of the 

cylindrical member. Approximately six samples can be stored 
in the cylindrical member, after which the instrument is 
withdrawn from the endoscope. A distal plug on the 
cylindrical member is removed and the six samples are 

20 collected by pushing the third tube so that its plunger end 
ejects the samples. 

The device of the Lifton patent suffers from several 
recognizable drawbacks. First, it is often difficult to 
obtain a tissue sample laterally of the device. Second, in 

25 order to expedite the obtaining of a lateral sample, a 
syringe is used to help draw the tissue into the lateral 
opening. However, this causes what was once a two-step 
procedure (position and cut) , to become a three-step 
procedure (position, suction, cut) • In addition, the use of 

30 a syringe requires an additional hand. Third, the Lifton 
patent adds a fourth step to the biopsy procedure by 
requiring that the tissue sample be pushed into the storage 
space. Thus, in all, the Lifton patent requires substantial 
effort on the part of the surgeon and an assistant and much 

35 of this effort is involved in pushing tubes, an action which 
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is counter- intuitive to classical biopsy sampling. The 
preferred mode of operation of virtually all endoscopic 
tools is that a gripping action at the distal end of the 
instrument is effected by a similar action at the proximal 
5 end of the instrument. Classical biopsy forceps jaws are 
closed by squeezing a manual actuation member in a syringe- 
like manner. 

A more convenient endoscopic multiple sample biopsy 
device is disclosed in U.S. Patent No. 5,171,255 to Rydell. 

10 Rydell provides a flexible endoscopic instrument with a 

knife-sharp cutting cylinder at its distal end. A coaxial 
anvil is coupled to a pull wire and is actuated in the same 
manner as conventional biopsy forceps. When the anvil is 
drawn into the cylinder, tissue located between the anvil 

15 and the cylinder is cut and pushed into a storage space 

within the cylinder. Several samples may be taken and held 
in the storage space before the device is withdrawn from the 
endoscope. While the device of Rydell is effective in 
providing a multiple sample tool where each sample is 

20 obtained with a traditional two-step procedure (position and 
cut) , it is still limited to lateral cutting which is often 
problematic. Traditional biopsy forceps provide jaws which 
can grasp tissue frontally or laterally. Even as such, it 
is difficult to position the jaws about the tissue to be 

25 sampled. Lateral sampling is even more difficult. 

In addition to the biopsy procedure described above, it 
is also sometimes necessary to obtain biopsy samples using 
an endoscopic tool which is inserted into a body cavity 
through a trocar tube or directly into a body cavity. These 

30 procedures typically involve the taking of tissue samples 

from the cervix. Many of the problems facing the "flexible 1 * 
biopsy forceps which are used in an endoscope are not 
present in the gynecological biopsy procedure. 
Nevertheless, it is still often necessary or desirable to 

35 take multiple cervical samples and the repeated insertion 
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and withdrawal of the bioptome prolongs the procedure and 
increases the trauma to the patient. 

DISCLOSURE OF INVENTION 
It is therefore an object of the invention to provide 
5 an endoscopic multiple sample bioptome which is not limited 
to lateral tissue sampling. 

It is also an object of the invention to provide an 
endoscopic multiple sample bioptome which is easy to 
operate. 

10 It is another object of the invention to provide an 

endoscopic multiple sample bioptome which is inexpensive to 
manufacture. 

It is still another object of the invention to provide 
an endoscopic multiple sample bioptome which has all of the 

15 advantages of traditional biopsy forceps with the added 
ability to collect multiple samples. 

In accord with these objects which will be discussed in 
detail below, the endoscopic multiple sample bioptome of the 
present invention includes a relatively long flexible member 

20 having a lumen with an axially displaceable wire extending 
therethrough. The proximal ends of the flexible member and 
wire are coupled to a manual actuation means for socially 
displacing one of the flexible member and wire relative to 
the other. The distal end of the flexible member is coupled 

25 to one of a cylinder having a knife sharp distal edge and a 
jaw assembly. The distal end of the wire is coupled to the 
other of the cylinder and the jaw assembly. The jaw 
assembly includes a pair of opposed toothed jaw cups each of 
which is coupled by a narrow arm to a base member. The 

30 narrow arm of each j^w is a resilient member which urges 
each jaw away from the other. The base member of the jaw 
assembly is mounted inside the cylinder and axial movement 
of one of the jaw assembly and cylinder relative to the 
other draws the necks of the jaws into the cylinder or moves 
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the cylinder over the necks of the jaws to bring the jaw 
cups together in a biting action. 

Preferred aspects of the invention include: forming 
the jaw assembly from a single piece of spring steel; 
5 coupling the distal end of the coil to the jaw assembly; 
coupling the cylinder to the axially displaceable wire; and 
providing the coil with a stiffening sheath or wire along 
substantially its entire length. It is additionally 
preferred that the distal end of the wire be coupled to the 

10 cylinder by welding, but other means such as a Z-bend in the 
distal end of the wire which enters and engages a punched 
and bent portion of the cylinder wall may be used. 

According to another embodiment of the invention, an 
endoscopic multiple sample bioptome is provided with a 

15 relatively rigid hollow tube having a relatively rigid rod 
extending therethrough. The distal end of the rod is 
coupled to a jaw assembly and the distal end of the tube is 
provided with a knife- sharp edge. The proximal end of the 
rod is coupled to a fixed portion of a handle and the 

20 proximal end of the tube is coupled to a movable portion of 
the handle. Movement of the movable portion of the handle 
results in longitudinal movement of the tube relative to the 
rod and effects and closing of the jaws as described above. 
The fixed portion of the handle is preferably provided with 

25 a thumb ring and the movable portion of the handle is 
preferably provided with a finger ring. The handle is 
gripped in pistol-like manner and squeezing the movable 
portion towards the fixed portion effects a closing of the 
jaws. 

30 According to yet another embodiment of the invention, 

the jaw assembly is formed from a single cylindrical piece 
of spring steel having a substantially hemispherical end. 
The cylinder is cut by wire EDM (electrical discharge 
machining) and/or laser machining to provide a lower jaw 

35 having a larger jaw cup than the upper jaw. The lower jaw 
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is also provided with a pair of proximally extending wings. 
The jaw teeth are preferably formed so that they are as 
small as possible but with the proximal teeth having greater 
clearance than the distal teeth, e.g. by providing the 
5 proximal teeth with a sharper angle than the distal teeth. 

Additional objects and advantages of the invention will 
become apparent to those skilled in the art upon reference 
to the detailed description taken in conjunction with the 
provided figures* 

10 BRIEF DESCRIPTION. OF DRAWINGS 

Figure 1 is a side elevation view in partial section of 
the proximal end of a first embodiment of the invention; 

Figure 2 is an enlarged transparent side elevation view 
of the distal end of a first embodiment of the invention 
15 with the jaws open; 

Figure 3 is an enlarged transparent top view of the 
distal end of a first embodiment of the invention; 

Figure 4 is a view similar to Figure 2, but with the 
jaws closed; 

20 Figures 5a through 5e are views similar to Figures 2 

and 4 showing a sequence of biopsy sampling operations; 

Figures 5f and 5g are views similar to Figure 3 showing 
the cutting action of the knife-sharp distal edge of the 
cylinder; 

25 Figure 6 is a view similar to Figure 1 of the proximal 

end of a second embodiment of the invention; 

Figure 7 is a view similar to Figure 2 of the distal 
end of a second embodiment of the invention with the jaws 
open; 

30 Figure 8 is a view similar to Figure 7, but with the 

jaws closed; 

Figure 9 is an enlarged top plan view of a sheet of 
punched steel which is rolled to form the jaw assembly of 
the invention; 
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Figure 10a is an enlarged broken side elevation view of 
a different embodiment of control wire coupling; 

Figure 10b is a cross sectional view along line B-B in 
Figure 10a; 

5 Figure 11a is a view similar to Figure 10a but of yet 

another embodiment of control wire coupling; 

Figure lib is a cross sectional view along line B-B of 
Figure 11a; 

Figure 12 is a broken side elevation view in partial 
10 section of third embodiment of the invention; 

Figure 13 is a side elevation view of a different 
embodiment of the jaw assembly; 

Figure 13a is a cross sectional view along line A-A in 
Figure 13; and 

15 Figure 13b is a cross sectional view along line B-B in 

Figure 13. 

MODE FOR CARRYING OUT THE INVENTION 
Referring now to Figures 1 through 4, a first 
embodiment of the multiple sample bioptome 10 includes a 

20 proximal handle 12 and a distal end effector 14. A long 

flexible coil 16 having an axially displaceable control wire 
18 extending therethrough couples the handle 12 and the end 
effector 14. The coil 16 is preferably covered with a PTFE, 
FEP or polyolefin sheath 15 along substantially all of its 

25 length and a strain relief sleeve 17 covering a portion of 
the coil which extends from the handle 12. The control wire 
18 is preferably flexible but longitudinally inelastic and 
is ideally formed from 304 Steel and provided with and outer 
diameter of approximately .018 inch. The proximal handle 12 

30 includes a central shaft 20 and a displaceable spool 22. 
The proximal end of the shaft 20 is provided with a thumb 
ring 24 and a longitudinal bore 26 is provided at the distal 
end of the shaft 20. A longitudinal slot 28 extends from 
the proximal end of bore 26 to a point distal of the thumb 
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ring 24. The displaceable spool 22 is provided with a cross 
member 30 which passes through the slot 28 in the central 
shaft 20. The cross member 30 is provided with a central 
through hole 32 and a radially engaging set screw 34. 
5 According to the first embodiment of the invention, a short 
bore 36 and a radially engaging set screw 38 are provided in 
the shaft 20 distal of the thumb ring 24 with the bore 36 
communicating with the longitudinal slot 28. In the first 
embodiment of the invention, the proximal end of the coil 16 

10 extends into the central through hole 32 in the cross member 
30 and is fixed there by the set screw 34. The proximal end 
of the control wire 18, passes through slot 28, is inserted 
into the short bore 36, and held there by the set screw 38. 
From the foregoing, those skilled in the art will appreciate 

15 that relative movement of the shaft 20 and spool 22 results 
in movement of the control wire 18 relative to the coil 16. 
Such action results in actuation of the end effector 14 as 
described in detail below. 

Turning now to Figures 2 through 4, the end effector 14 

20 includes a cylindrical sleeve 40 having a knife-sharp distal 
edge 42, and a jaw assembly 44. The jaw assembly 44 
includes a pair of opposed jaw cups 46a, 46b each preferably 
having a plurality of sharp teeth 48a, 48b. A resilient, 
preferably narrow, arm 50a, 50b extends proximally from each 

25 jaw cup 46a, 46b. A cylindrical base member 52 joins the 
proximal ends of the arms 50a, 50b. Because the arms 50a, 
50b and the jaws 46a, 46b are preferably formed from a deep 
drawn piece of spring steel as discussed in more detail 
below, as seen best in Figure 2, the narrow resilient arms 

30 50a, 50b may be bent apart from each other, thereby urging 
the jaw cups 46a, 46b apart. According to the first 
embodiment of the invention, the cylindrical base member 52 
is coupled to the distal end of the flexible coil 16 by 
welding, soldering, crimping, or any other suitable manner. 

35 The cylindrical sleeve 40 is coupled to the distal end of 
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the control wire 18 by providing the sleeve 40 with a 
lateral hole which engages a bent end 18a of the control 
wire 18. As shown in Figures 2 through 4, the bent end 18a 
of the control wire 18 is welded to the hole 45 in the side 
5 of the sleeve 40. However, as will be described in detail 
herein below, other methods of coupling the control wire to 
the sleeve are possible. The cylindrical sleeve 40 is 
slidably mounted over the cylindrical base member 52 as 
shown in Figures 2 and 3 and is axially movable over the 

10 resilient arms 50a , 50b as shown in Figure 4. 

As seen in Figure 3, the jaw cups 46a, 46b have an 
eccentric cross section with their widest point indicated by 
the line 47. Distal of the line 47, the jaw cups are 
substantially hemispherical and proximal of the line 47, the 

15 jaw cups are substantially hemi-elliptical. The teeth 48a, 
48b are arranged so that the jaws interlock when closed as 
shown in Figure 4. If the jaws are formed by wire EDM, 
teeth are formed only on the sides of the jaws. If the jaws 
are formed by laser cutting, however, it is possible to 

20 arrange the teeth radially along the sides and the front of 
the jaws. It will also be seen that the side walls of the 
jaw cups 46a, 46b taper towards the arms 50a, 50b to provide 
a smooth transition from the jaw cups to the arms. 

From the foregoing description and with reference to 

25 Figures 1 through 4, those skilled in the art will 

appreciate that when the spool 22 and the shaft 20 are 
axially displaced relative to each other, the cylindrical 
sleeve 40 and the jaw assembly 44 are similarly axially 
displaced relative to each other, from the positions shown 

30 in Figure 2 to the positions shown in Figure 4 and vice 
versa. It will also be appreciated that when the spool 22 
and shaft 20 are in the approximate position shown in Figure 
1, the cylindrical sleeve 40 and the jaw assembly 44 will be 
in the approximate position shown in Figure 2; i.e., with 

35 the jaws open. Thus, those skilled in the art will further 
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appreciate that when the spool 22 is moved towards the thumb 
ring 24 , or vice versa, the cylindrical sleeve 40 and the 
jaw assembly 44 will be brought into the approximate 
position shown in Figure 4; i.e., with the jaws closed. 
5 Moreover, it will also be appreciated that it is preferable 
to move the thumb ring 24 relative to the spool 22, rather 
than vice versa since that will move the cylindrical sleeve 
40 relative to the jaw assembly 44 rather than vice versa. 
This is desirable so that the jaw assembly is not moved away 

10 from a tissue sample while the jaws are being closed. 

Turning now to Figures 5a through 5e, the operation of 
the multiple sample bioptome of the invention is illustrated 
schematically in sequence. As seen in Figure 5a, a first 
tissue sample is taken by positioning the jaw cups 46a, 46b 

15 around a tissue 60 to be sampled. The handle of the 
bioptome is operated as described above so that the 
cylindrical sleeve 40 is moved distally over the narrow arms 
50a, 50b of the jaw assembly 44 to the position 
approximately shown in Figure 5b. When the sleeve 40 is 

20 moved toward this position, the jaw cups 46a, 46b are 

brought close to each other and the teeth 48a, 48b of the 
jaw cups 46a, 46b engage the tissue 60 and bite into it. 
Contemporaneously, and as seen with reference to Figures 5f 
- 5h, the knife sharp edge 42 of the sleeve 40 severs any 

25 tissue 60 extending from the lateral sides of the jaw cups 
46a, 46b. A first sample 60a of the tissue 60 is thereby 
trapped between the jaw cups 46a, 46b and severed from the 
tissue 60. It should be noted that while taking the bite, 
the coil 16 is not free to stretch, as it is kept 

30 longitudinally stiff by the shrink wrap or sheath 15 which 
extends along the length of the coil. If desired, a wire 
can be used instead of the shrink wrap or sheath. The wire, 
which would typically be flat, would be attached to the 
proximal and distal ends of the coil to keep the coil in 

35 tension and prevent it from stretching as the sleeve is 
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moved forward and a bite taken. 

With the end effector 14 in the position approximately 
shown in Figure 5b f the multiple sample bioptome may be 
relocated to another tissue area for sampling. The handle 
5 of the bioptome is operated as described above so that the 
cylindrical sleeve 40 is moved proximally over the narrow 
arms 50a , 50b of the jaw assembly 44 to the position 
approximately shown in Figure 5c. When the sleeve 40 is 
moved towards this position, the jaw cups 46a, 46b are 

10 biased apart by the resilience of their respective arms 50a, 
50b. The jaw cups can then be positioned around a second 
tissue 61 for sampling. The procedure described above with 
reference to Figures 5a and 5b is repeated. In this 
instance, however, as the jaw cups 46a, 46b are brought into 

15 position, the tissue 61 pushes the first sample 60a 

proximally away from the jaw cups 46a, 46b and into the 
space between the narrow arms 50a, 50b as seen in Figure 5c. 
Those skilled in the art will appreciate that the tissue 
sample 60a is typically gummy and pliant and will stick to 

20 and move along one or both of the naxxow arms 50a , 50b of 
the jaw assembly 44. The samples will also stick to each 
other. Upon the taking of a sample 61a from the tissue 61, 
both samples 60a and 61a are safely trapped between the 
narrow arms 50a, 50b of the jaw assembly 44 as shown in 

25 Figure 5d. The procedure described above with reference to 
Figures 5a through 5d is then repeated as suggested in 
Figure 5e until the space between the arms 50a, 50b is 
filled with samples 60a, 61a, etc. According to a presently 
preferred embodiment of the invention, six samples may be 

30 captured between the arms of the jaw assembly. The 

presently preferred dimensions of the jaw assembly are 
approximately .45 inch long by approximately .095 outer 
diameter. 

Figures 5f - 5h show a top view of the sequence of 
35 operations depicted in side views in Figures 5a and 5b. 
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From the top view of Figure 5f , it can be seen that the 
tissue 60 extends beyond the sides of the jaw cups 46a, 46b. 
The knife-sharp distal edge 42 of the cylinder 40 trims the 
tissue 60 which extends beyond the jaw cups to completely 
5 sever the sample 60a from the. tissue 60 as shown in Figures 
5g and 5h. 

A second embodiment of the invention is shown Figures 6 
through 8. In this embodiment, a proximal handle 112 and a 
distal end effector 114 are coupled by a long flexible coil 

10 16 having an axially displaceable control wire 18 extending 
therethrough. The proximal handle 112 includes a central 
shaft 120 and a displaceable spool 122. The proximal end of 
the shaft 120 is provided with a thumb ring 124 and a 
stepped longitudinal bore 126 is provided at the distal end 

15 of the shaft 120. A longitudinal slot 128 extends from the 
proximal end of bore 126 to a point distal of the thumb ring 
124. The displaceable spool 122 is provided with a cross 
member 130 which passes through the slot 128 in the central 
shaft 120. The cross member 130 is provided with a central 

20 . hole 132 and a radially engaging set screw 134. According 
to this second embodiment of the invention, the proximal end 
of the coil 16 is fixedly mounted in the longitudinal bore 
126 and the proximal end of the control wore 18 extends into 
the central hole 132 in the cross member 130 and is fixed 

25 there by the set screw 134. From the foregoing, those 
skilled in the art will appreciate that movement of the 
shaft 120 relative to the spool 122 results in movement of 
the control wire 18 relative to the coil 16. Such action 
results in actuation of the end effector 114 as described in 

30 detail below. 

As seen in Figures 7 and 8, the end effector 114 
according to the second embodiment of the invention includes 
a cylindrical sleeve 140 having a knife-sharp distal edge 
142 and a jaw assembly 144. The jaw assembly 144 includes a 

35 pair of opposed jaw cups 146a, 146b each having a plurality 
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of sharp teeth 148a, 148b. A resilient, preferably narrow 
arm 150a, 150b extends proximally from each jaw cup 146a, 
146b. A cylindrical base member 152 joins the proximal ends 
of the arms 150a, 150b. As seen best in Figure 7, the 
5 narrow resilient arms 150a, 150b are bent apart from each 
other urging the jaw cups 146a, 146b apart. According to 
the second embodiment of the invention, the proximal end of 
the cylindrical sleeve 140 is coupled to the distal end of 
the flexible coil 16 by welding, soldering, crimping, or any 

10 other suitable manner. The cylindrical base member 152 of 
the jaw assembly 144 is coupled to the distal end of the 
control wire 18 by providing the base member 152 with a 
lateral hole 154 which engages a bent end 18a of the control 
wire 18 in a manner similar to that shown in Figure 3 in the 

15 description of the first embodiment of the invention. 

However, as will be described in detail herein below, other 
methods of coupling the control wire to the base member are 
possible. The base member 152 and thus the entire jaw 
assembly 144 is slidably mounted and axial ly movable within 

20 the cylindrical sleeve 140 as shown in Figures 7 and 8. 
Those skilled in the art will appreciate that this second 
embodiment of the invention is quite similar to the first 
embodiment described above except that the sleeve 140 is 
coupled to the coil 16 which is coupled to the central shaft 

25 120 of the handle 112 and the jaw assembly 144 is coupled to 
the control wire 18 which is coupled to the spool 122. 
Operation of this embodiment is substantially the same as 
the first embodiment described above. 

The jaws 44, 144 of the multiple sample bioptome of the 

30 invention may be formed in different ways. According to the 
presently preferred embodiment, a cylinder of 304 or 17-7 
stainless spring steel preferably having a diameter just 
slightly smaller than the diameter of the sleeve 40, 140 is 
deep drawn to provide an enclosed hemispherical bottom. The 

35 bottom of the cylinder is then cut using wire electrical 
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discharge machining (EDM) and/ or laser machining* 
Preferably, reciprocal teeth are cut into the periphery of 
the cylinder bottom, thereby forming the opposed jaw cups. 
However, even if no teeth are formed, the opposed jaw cups 
5 are provided with sharp cutting surfaces. Continuing away 
from the distal jaw cups, the arms are formed by tapering up 
a cutout of an approximately 100 - 135 degree section on two 
sides leaving arms which each extend about 45-80 degrees 
around the periphery of the cylinder. The so-formed jaws 

10 are then bent away from each other to provide pre-loaded 
springy arms (i.e., leaf spring beams) which can be closed 
by the sleeve 40, 140 as described above. 

According to another embodiment of the invention, the 
jaw assembly 44, 144 of either the first or the second 

15 embodiment may be formed from a single sheet of .005 inch 
thick 304, 17-7 steel which is cut and rolled. Figure 9 
shows a plan view of a steel sheet 244 which has been cut to 
form the base member 252, the narrow arms 250a, 250b, the 
jaw cups 246a, 246b and the jaw cup teeth 248a, 248b. Those 

20 skilled in the art will appreciate that the cutting of the 
sheet 244 may be accomplished in several ways, although 
photochemical milling (PCM) is preferred. To facilitate 
automation in PCM, indexing holes 251a, 251b are provided in 
the base member portion of the sheet 244. These holes are 

25 used to align the strip of PCM cutters in the progressive 
forming dies. After the sheet is cut, it is pressed and 
rolled to form an integral unitary jaw assembly as shown in 
Figures 2-4, 7 and 8. 

As mentioned herein above, there are several ways in 

30 which the distal end 18a of the control wire 18 may be 

coupled to the cylindrical sleeve 40 or the base member 152 
of the jaw assembly 144. While welding is the presently 
preferred method , Figures 10a through lib show two other 
methods of coupling the distal end of the control wire 18 

35 with either the sleeve or the jaw assembly. 
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As shown in Figures 10a and 10b r the distal end 18a of 
the control wire 18 is provided with a 2 -bend* The side 
vail of the cylindrical sleeve 40 or the base member 152 is 
punched with two spaced apart semicircular holes 145a, 145b 
5 leaving a bendable narrow strip 145c between them. The 
narrow strip 145c is bent radially inward a distance 
sufficient to accommodate the distal end 18a of the control 
wire 18. The Z-bend of the distal end 18a of the control 
wire 18 is inserted through the space formed between the 

10 narrow strip 145c and the semicircular holes 145a, 145b as 
shown in Figures 10a and 10b. 

As shown in Figures 11a, and lib, the side wall of the 
cylindrical sleeve 40 or the base member 152 is punched with 
a first hole 245a and a second hole 245c which is 

15 circumscribed by the first hole 245a. The first hole 245a 
is preferably rectangular, semicircular, or trapezoidal in 
shape to form a bendable tab 245b which is bent radially 
inward as shown best in Figure lib. The Z-bend of the 
distal end 18a of the control wire 18 is inserted through 

20 the second hole 245c in the bendable tab 245b as shown in 
Figures 11a and lib. 

Figure 12 shows another embodiment of a multiple sample 
bioptome 310 of the invention which is particularly suited 
for cervical biopsy procedures or other biopsy procedures 

25 where the biopsy site is approachable in a relatively short 
and direct path rather than through the long tortuous path 
of the lumen of an endoscope. In this embodiment, a 
proximal handle 312 is provided with a fixed portion 324 and 
a movable lever portion 322 which is coupled to the fixed 

30 portion by a pivot pin 323. A hollow tube 340 is coupled at 
its proximal end to the movable lever portion 322 of the 
handle 312 by a cross pin 341 or other suitable fastening 
means. A relatively rigid rod 318 extends through the tube 
340 and is coupled at its proximal end to the fixed portion 

35 324 of the handle 312 by means of a cross pin 319 or other 



WO 95/20914 



PCT/DS95/00603 



17 



suitable fastening means. The distal end of the tube 340 is 
provided with a knife sharp edge 342 and the distal end of 
the rod 318 is coupled to a jaw assembly 344 as described 
herein above. As shown in Figure 12, the fixed portion 324 
5 is provided with a lover thumb ring 324a and the movable 

lever portion 322 is provided with a lover finger ring 322a. 
The upper end 322b of the movable lever portion 322 is 
provided with a slot 322c for engaging the cross pin 341 and 
the rod 318 is provided vith a slot 317 through vhich the 

10 cross pin passes. Those skilled in the art vill appreciate 
that the handle 312 is manipulated using a convention hand- 
grip. Pivotal movement of the movable lever portion 322 of 
the handle 312 as indicated by the sorrows 321 results in 
linear movement of the tube 340 as indicated by the arrovs 

15 339. It vill also be appreciated that the slots 317 and 
322c may be dimensioned to limit movement of the tube 340. 
Movement of the tube 340 relative to the rod 318 results in 
opening and closing of the jav assembly 344 as described 
herein above. The handle 312 described above may be used 

20 vith the flexible coil and pull wire described vith 

reference to Figures 1 and 2 and conversely, the handle 12 
described vith reference to Figure 1 may be used vith the 
tube and rod arrangement described above vith reference to 
Figure 12. 

25 It vill be appreciated that all of the embodiments of 

the multiple sample bioptome shown in Figs. 1-12 can be 
provided vith a cautery capability. For example, as seen in 
Fig. 12, a cautery contact 398 is provided vhich contacts 
the rigid rod 318 and extends out of the fixed portion 324 

30 of the handle 312. In addition, the tube 340 is provided 

vith shrink vrap or other insulation 399. With the provided 
arrangement, vhen a cautery current is applied to the 
cautery contact 398, the jav assembly 344 is electrified via 
its connection to the rod 318. Typically, cauterization 

35 vould be carried out after a sample is obtained and severed 
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from the surgical site with the jaws still located at the 
surgical site* Because the body of the patient acts as the 
second electrode (ground) , current flows from the jaws into 
the patient at the surgical site, thereby effecting a 
5 cauterization of the surgical site rather than cauterizing 
the sample in the jaws. 

Figure 13 shows another embodiment of a jaw assembly 
444. The jaw assembly 444 is preferably formed from an 
oblate spring steel cylinder 443 having a substantially 

10 hemispherical distal end 445 an somewhat flattened sides 
441, 442. The cylinder 443 is cut using wire EDM or laser 
machining along a zigzag line 448 from the distal end 445 to 
form jaw teeth 448a, 448b and then along an upwardly 
inclined line 449 to form the jaw cups 446a, 446b. A 

15 substantially C-shaped cut 450 forms the arms 450a, 450b 

which extend from the base portion 452 to the jaw cups 446a, 
446b. It is preferred that the arms 450a, 450b be as long 
as possible so that the jaws can be spread sufficiently far 
apart. In the presently preferred embodiment, the arms 

20 extend approximately .5 - .6 inch from the base portion to 
the jaw cups. The cut lines 448 and 449 are axially offset 
so that the lower jaw cup 446b is larger than the upper jaw 
cup 446a as seen best in Figure 13b. In addition, another 
substantially C-shaped cut 451 is made at the proximal end 

25 of the lower jaw cup 446b to form two wings 453, 454 which 
are seen best in Figure 13a. After forming the jaw assembly 
444, the arms 450a, 450b are bent apart as shown in Figure 
13c. The spring steel from which the jaw assembly was 
formed maintains this spread apart position with resilience 

30 so that the jaws can be squeezed together to the position 

shown in Figure 13 and spring apart to the position shown in 
Figure 13c. According to a presently preferred embodiment, 
the jaw cups are bent approximately .25 inch apart, then 
closed and opened several times until the resulting opening 

35 is about .18 inch. The upper edges 446c, 446d of the lower 
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jav cup 446b are bent slightly inward as shown in Figure 13b 
so that they are embraced by the upper jaw cup 446a when the 
jaws are closed. Similarly, the wings 453, 454 are bent 
radially inward as shown in Figure 13a. The jaw assembly 
5 444 can be used with any of the bioptome embodiments 
described above. 

The jaw assembly 444 described above provides several 
important advantages. The oblate sides 441, 442 of the 
cylinder 443 help the teeth 448a, 448b to mesh without gaps. 

10 The long arms 450a, 450b allow for a wide opening of the 
jaws and for locating the spring area in the arms a 
sufficient distance from the distal end of the jaws so that 
the bending moments on the arms is low enough to avoid 
plastic deformation. The wings 453, 454 stabilize the jaws 

15 against rotation during opening and closing and also protect 
biopsy samples in several ways. The wings form a storage 
chamber 455 (Figure 13a) which extends proximally from the 
lower jaw cup 446b and prevents accumulated biopsy samples 
from being squeezed laterally out from between the jaws 

20 during repeated opening and closing and protects them from 
being repeatedly trimmed by the sharp edge of the sliding 
tube. The larger lower jaw cup 446b enhances movement of 
biopsy samples into the storage chamber 455. 

There have been described and illustrated herein 

25 several embodiments of an endoscopic multiple sample 

bioptome. While particular embodiments of the invention 
have been described, it is not intended that the invention 
be limited thereto, as it is intended that the invention be 
as broad in scope as the art will allow and that the 

30 specification be read likewise. Thus, while particular 

configurations of the handle have been disclosed, it will be 
appreciated that other types of handles could be utilized. 
Also, while specific couplings of the ends of the coil and 
control wire have been shown, it will be recognized that 

35 other types of couplings could be used with similar results 
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obtained. Similarly, while specific couplings of the ends 
of the rigid tube and rod have been shown, it will be 
understood that other types of couplings could be used. 
Moreover, while particular configurations have been 
5 disclosed in reference to the jaw assembly, it will be 

appreciated that other configurations could be used as well. 
For example, while it is preferred to provide jaws with 
teeth, it will be appreciated that in lieu of teeth, the 
jaws can be provided with sharp edges which, in conjunction 

10 with the sharp cylinder, will provide a cutting ability. 
Furthermore, while the jaw assembly has been disclosed as 
being formed from a single piece of spring steel, it will be 
understood that different formations of the jaw assembly can 
achieve the same or similar function as disclosed herein. 

15 Further yet, it will be appreciated that while the apparatus 
of the invention was described as advantageously permitting 
the obtaining of multiple biopsies without removal from the 
surgical site, the apparatus of the invention, if desired, 
could still be used for obtaining single biopsies at a time. 

20 It will therefore be appreciated by those skilled in the art 
that yet other modifications could be made to the provided 
invention without deviating from its spirit and scope as so 
claimed. 
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CLAIMS 

1. An endoscopic bioptome, comprising: 

a) a hollow outer member having a proximal and a distal 

end; 

5 b) an inner control member having a proximal and a 

distal end and extending through said hollow outer member; 

c) a cylinder having a sharp distal edge, said cylinder 
being coupled to said distal end of one of said hollow outer 
member and said inner control member; 

10 d) a jaw assembly including a base member and a pair of 

resilient arms extending distally from said base member, 
each of said resilient arms terminating in a jaw, said base 
member being coupled to said distal end of the other of said 
hollow outer member and said inner control member; and 

15 e) actuation means coupled to said proximal end of said 

hollow outer member and to said proximal end of said inner 
control member for axially displacing one of said hollow 
outer member and said inner control member relative to the 
other of said hollow outer member and said inner control 

20 member, whereby said cylinder extends around said pair of 
resilient arms and closes said jaws. 

2* An endoscopic bioptome according to claim 1, 
wherein: 

said hollow outer member is a flexible member having a 
25 lumen and said inner control member is a flexible control 
wire. 

3. An endoscopic bioptome according to claim 1, 
wherein: 

said hollow outer member and said inner control member 
30 are both substantially rigid. 
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4. An endoscopic bioptome according to claim 1, 
wherein: 

said manual actuation means includes 

i) a shaft having a distal bore, a proximal thumb 
5 ring, and a central slot, and 

ii) a displaceable spool having a cross member 
extending through said central slot. 

5. An endoscopic bioptome according to claim 1, 
wherein: 

10 said manual actuation means includes 

i) a fixed handle having a thumb ring, and 

ii) a movable lever pivotally coupled to said fixed 
handle, said movable lever having a finger ring. 

6. An endoscopic bioptome according to claim 4, 

15 wherein: 

said proximal end of said hollow outer member is 
coupled to said cross member of said spool, and 

said proximal end of said inner control member is 
coupled to said shaft. 

20 7. An endoscopic bioptome according to claim 5, 

wherein: 

said proximal end of said hollow outer member is 
coupled to said movable lever, and 

said proximal end of said inner control member is 
25 coupled to said fixed handle. 

8. An endoscopic bioptome according to claim 4, 
wherein: 

said proximal end of said hollow outer member is 
coupled to said shaft, and 
30 said proximal end of said inner control member is 

coupled to said spool. 
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9. An endoscopic bioptome according to claim 6, 
wherein: 

said cylinder is coupled to said distal end of said 
inner control member, and 
5 said base member of said jav assembly is coupled to 

said distal end of said outer hollow member. 

10. An endoscopic bioptome according to claim 8, 
wherein: 

said cylinder is coupled to said distal end of said 
10 hollow outer member, and 

said base member of said jaw assembly is coupled to 
said distal end of said inner control member. 

11. An endoscopic bioptome according to claim 1, 
wherein: 

15 said resilient arms each includes a portion which 

circumscribes at most 80 degrees and each jaw is formed as a 
cup having a sharp edge. 

12. Ah endoscopic bioptome according to claim 11, 
wherein: 

20 one of said cups is larger than the other, said larger 

of said cups being provided with a pair of proximally 
extending wings which are bent radially inward. 

13. An endoscopic bioptome according to claim 12, 
wherein: 

25 an upper edge of the larger of said cups is bent 

radially inward so that it enters the smaller of said cups 
when said jaws are closed. 
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14. An endoscopic bioptome according to claim 11, 
wherein: 

each said sharp edge comprises a plurality of teeth, 
and said resilient arms are bent apart from each other 
5 approximately .18 to .25 inches. 

15. An endoscopic bioptome according to claim 14, 
wherein: 

actuation of said manual actuation means moves one of 
said jaw assembly and said cylinder relative to the other so 
10 that said resilient arms are substantially covered by said 
cylinder and said jaws are moved towards each other. 

16. An endoscopic bioptome according to claim 15, 
wherein: 

said movement of said one of said jaw assembly and said 
15 cylinder relative to the other is approximately .5 to .6 
inch. 

17. An endoscopic bioptome according to claim 11, 
wherein: 

said jaw assembly is formed from a single sheet of 
20 steel which is cut and rolled. 

18. An endoscopic bioptome according to claim 13, 
wherein: 

said jaw assembly is formed from a deep drawn cylinder 
of steel which is machined by one of electrical discharge 
25 machining and laser cutting. 

19. An endoscopic bioptome according to claim 9, 
wherein: 

said cylinder has a radial hole and said distal encL of 
said control member is bent and coupled to said radial hole. 
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20. An endoscopic bioptome according to claim 9, 
wherein: 

said cylinder has a radially inward extending tab and 
said distal end of said control member is bent and coupled 
5 to said tab. 

21. An endoscopic bioptome according to claim 9, 
wherein: 

said cylinder has a radially inward extending strip and 
said distal end of said control member is bent and coupled 
10 to said strip. 

22. An endoscopic bioptome according to claim 10, 
wherein: 

said base member has a radial hole and said distal end 
of said control member is bent and coupled to said radial 
15 hole. 

23. An endoscopic bioptome according to claim 10, 
wherein: 

said base member has a radially inward extending tab 
and said distal end of said control member is bent and 
20 coupled to said tab. 

24. An endoscopic bioptome according to claim 10, 
wherein: 

said base member has a radially inward extending strip 
and said distal end of said control member is bent and 
25 coupled to said strip. 

25. An endoscopic bioptome according to claim 18, 
wherein: 

said cylinder is oblate with an hemispherical end. 
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26. A method for forming the jaw assembly of claim 1, 
comprising: 

a) obtaining a cylinder of spring metal having a 
substantially hemispherical end, a middle portion and an 

5 open second end; 

b) cutting said substantially hemispherical end with 
electrical discharge machining equipment or laser machining 
equipment to provide the opposed jaw cups; 

c) cutting out metal from said middle portion of said 
10 cylinder with electrical discharge machining equipment or 

laser machining equipment to form two tapered arms which 
taper from a larger circumference at said opposed jaw cups 
to a smaller circumference away from said opposed jaw cups, 
at least one of said two tapered arms having a portion which 
15 extends less than 80 degrees around a periphery of said 

cylinder, said two tapered arms terminating at a cylindrical 
portion of said open second end; and 

d) bending at least one of said two tapered arms away 
from the other of said two tapered arms. 

20 27* A method according to claim 26, wherein: 

said step of cutting said substantially hemispherical 
end includes forming reciprocal teeth in said opposed jaw 
cups. 

28. A method according to claim 26, wherein: 
25 said step of cutting said substantially hemispherical 

end comprises causing one of said jaw cups to be larger than 
the other, and said method further comprises cutting said 
larger of said jaw cups to provide a pair of proximally 
extending wings, and bending said proximally extending wings 
30 radially inwardly. 
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29. A method according to claim 28 , wherein: 
an upper edge of the larger of said jaw cups proximal 
of said hemispherical end is bent radially inward so that it 
enters the smaller of said jaw cups when said jaws cups are 
5 closed. 



WO 95/20914 



PCT/US95/00603 




WO 95/20914 



PCT/DS95/00603 




WO 95/20914 



PCTAJS95/00603 



3/9 




WO 95/20914 



PCT/US95/00603 




WO 95/20914 



PCI7US95/00603 




WO 95/20914 



PCT/US95/00603 




WO 95/20914 



PCT/US95/00603 



7/9 



248b 



248a 




FIG. 9 



140,152 





u -/ C ^ 




y / _j 
\ 18 / ^ 


^ \ i 

y » 1 



145b 

FIG. 10a 



145a ^7^^^-140.152 
fl_L^145c 



145b 



-18a 



FIG. 10b 



WO 95/20914 



PCT/US95/00603 






FIG. 13a FIG. 13b 




FIG. 13c 



INTERNATIONAL SEARCH REPORT 



Into national application No. 
PCTAJS95/00603 



A. CLASSIFICATION OF SUBJECT MATTER 
1PC(6) :A61B 10/00 
OSCL :128/75l 

According to International Patent Classification (IPC) or to both national classification and IPC 


l:. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 29/400.1; 128/7-10,749,751,753-755, 757; 604/19,22; 6067170,171,176-186 


: : . »cu mentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


US, A, 3,001,522, (I.SILVERMAN), 26 September 1961, 
See entire document. 


1-29 


Y 


US, A, 3,989,049, (YOON), 02 November 1976. See 
entire document. 


1-29 


| | Further documents are listed in the continuation of Box C. 


[""" See patent family annex. 




* Special categories of cited documents: 

"A* documexUdc/mms the general stste of the sit which ■ not coowdered 
to be part of particular relevance 

'IT earlier document pubUhcd oo or tftcr the mtcRtrioo&l filmf dale 

"L" document which may throw doubts oo priority cbim(i) or which ■ 
cited to otabuin the publication data of another citation or other 
special reaoon (m specified) 

-O* document referring to an on! dnckxuze, use, exhibition or other 
•1" docun^ public prw 


T htcr doewnent published after the intrmrtionml fUmg date or priority 
date and not in ooeflict with the tppUcatioa but cited to uadctitand the 
prinripip or theory undcriyms the invention 

•X" document of ptxticukr relevance: the chimed invention cansot be 
coo«aiertdBC^orcanootbecof»idcr^ 
when the document m taken alone 

•Y* document of particular relevance; the dafeed* hvvcnlion cntmot be 
conaidered to Involve an invmhve ttqp when die document ■ 
pwntihrrf with one or more other each document!, such cocobipaticn I 
bemg obvious to a penon dulled b the art 

"* a document member of dm nunc patent fanQy 


Date of the actual completion of the international search 
10 MARCH 1995 


Date of mailing of the international search report 

04 APR \„ ^ 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademirfci 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 • 


Authorized officer/ y [J\ft 

SAMUEL ClLfiEftT 
Telephone No. (103) 30&-35S3 





Form PCT/IS A/210 (second sheet)(July 1992)* 



THIS PAGE BLANK (usno) 



